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(57) Abstract: A compact wavelength monitoring and control assembly (10) for a narrow band (i.e., laser) source (12) is provided 
comprising a narrow banc^Kiss, wavelength selective transmission filter element (18), of Fabry-Perot etalon stnictme (18), through 
which two coUimated beams from a laser source ( 1 2) aie directed onto two closely spaced phoiodetectore (22, 20). For wavelengdi 
stabilization, the differential ou^ut of the two photodetectors (22, 20) is used in a feedback loop (28) to stabilize the wavelength of 
the laser source (12) to the desired wavelength. Through the dependence of die wavelength transmission of the Fabiy-Peiot etalon 
(18) on angle and i^ysical parameters Qj^^ refractive index and thickness), a wavelength variation of the source (12) is converted 
into a transmission loss, which is different for die two photodetectors (22, 20), so that the wavelength change is detected by changes 
in the signals output fiom the two detectors (22, 20). 
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SINGLE ETALON OPTICAL WAVELENGTH REFERENCE DEVICE 

Reference To Pending Prior Patent Application 

This patent application claims benefit of pending 
prior U.S. Provisional Patent Application Serial No. 
60/148,017, filed 08/10/99 by Reich Watterson et al. 
for SINGLE ETALON OPTICAL WAVELENGTH REFERENCE DEVICE, 
which patent application is hereby incorporated herein 
by reference. 

Field Of The Invention 

This invention relates to wavelength locking of 
lasers and optical test instruments. 

Background Of The Invention 

Optical fiber communication systems provide for 
low loss and very high information-carrying capacity. 
In practice, the bandwidth of optical fiber may be 
utilized by transmitting many distinct channiels 
simultaneously using different carrier wavelengths. 
The associated technology is called wavelength 
division multiplexing (^'WDM") . In a narrow bank WDM 
system, 50 or more different wavelengths are closely 
spaced to increase fiber transmission capacity. 

The wavelength bandwidth that any individual 
channel occupies depends on a number of factors, 
including the impressed information bandwidth, and 
margins to accommodate for carrier frequency drift. 
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carrier frequency uncertainty, and to reduce possible 
inter-channel cross-talk due to non-ideal filters. 

To maximize the number of channels, lasers with 
stable and precise wavelength control are required to 
provide narrowly spaced, multiple wavelengths. 

Some laser sources, for example vertical cavity 
surface emitting lasers (''VCSEL' s") , exhibit 
wavelength drift over time, in excess of the 
requirements for narrow band WDM applications- More 
particularly, the wavelength of the device tends to 
change with aging under continuous power* Since 
telecommunication systems are expected to have a 
lifetime on the order of 25 years or so, wavelength 
control must be added to the laser transmitter to 
ensure minimum cross- talk between narrowly spaced 
channels over extended time periods. 

Single wavelength optical communications systems 
are widely used in the industry,. Ideally, systems 
designers seek minimum disruption of existing systems, 
and compatibility with existing packaging, in the 
development of WDM systems. 

Typically, known l^ser wavelength monitoring and 
stabilization systems are based on a unit external to 
the standard package of a laser source (or 
""transmitter'') . 

One commercially available system for monitoring and 
control of the wavelength of a semiconductor laser is 
an assembly based on crystal gratings. For example. 
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in a known system manufactured by Accuwave/ and 

described in the product literature, a wavelength 

locker unit is provided which comprises a lithium 

niobate crystal in which two Bragg gratings are 

written/ illuminated by a collimated beam from a laser 

source coupled to the assembly, and two 

photodetectors • Each grating has a slightly different 

Bragg wavelength and angle relative to the input beam. 

The output reflected from the gratings is directed to 

the two detectors and the differential output is used 

to provide feedback control to the laser. Wavelength. 

stability of better than 10 pm can be achieved with 

the control loop. However, the wavelength locker unit 

utilizes a separate unit from the transmitter, and 

thus requires external coupling to the laser or light 

source. Moreover, the unit is designed for a specific 

wavelength, as specified by the grating parameters. 

Different units are required for different 

wavelengths. 

Another known type of wavelength 

monitoring/control assembly is based on a fiber 

grating. For example, GB Patent Application No. 

» 

96/00478, filed March 4, 1996 by Epworth et al., 
relates to an external cavity type laser whose 
external reflector is provided by a Bragg reflector 
located in an optical fiber butted to an 
anti-reflection coated facet of the semiconductor 
laser. The grating is placed far enough from the 
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laser that the longitudinal modes are so closely 
spaced that the laser operates multimode with so many 
modes as to make mode partition noise negligible. 
Another GB Patent Application No. 95/19614.3, filed 
September 26, 1995 by Epworth et al., relates to using 
a chirped fiber grating for equalization and laser 
frequency stabilization. 

Fabrication of fiber grating assemblies is 
complex. As with the crystal grating system mentioned 
above, fiber gratings are fabricated to match the 
specific wavelength of the transmitter, and the 
assembly is therefore wavelength specific. 

Another system for stabilization of a 
semiconductor laser is described in U.S. Patent No. 
4,309,671 to Malyon which uses a pair of matched 
photodiodes and two beam splitters. The first beam 
splitter and first photodiode monitor power, and a 
second beam splitter, a frequency dependent filter and 
second photodiode are used to monitor wavelength 
changes. The outputs of the matched photodiodes are 
fed via amplifiers to a subtracter amplifier and the 
output is fed as negative feedback to the amplifier 
controlling operation of the laser. 

Other known systems are based on a filter element 
such as a Fabry-Perot etalon. For- example, U.S. 
Patent No. 5,331,651 to Becker et al. describes the 
use of a Fabry-Perot etalon for fine tuning in 
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conjunction with a grating for coarse tuning of the 
output of a laser. 

In a system described in U.S.- Patent No. 
5,438,579 to Eda et al., a Fabry-Perot etalon is used 
with a single photodetector to generate a signal used 
to lock onto one peak of a semiconductor laser, 
requiring collimated beams. Hill et al., in U.S. 
Patent No. 4,839,614, describe a system for 
referencing frequencies of radiation from multiple 
sources relative to a reference source, using a filter 
element such as a Fabry-Perot etalon and a 
corresponding plurality of detectors. 

TUiother system for laser wavelength stabilization 
is described in U.S. Patent No. 4,914,662 to Nakatani 
et al. which involves spectroscopically processing the 
output of a variable wavelength laser and measuring a 
spatial distribution using image processing apparatus, 
and then comparing the distribution to that of a 
reference light source of fixed wavelength. The 
latter image processing system is complex, and not 
readily compatible with providing a low cost, compact 
unit. 

Japanese Patent Application No. 92-157780 relates 
to a frequency stabilizer for a semiconductor laser, 
without using external modulating means, and is based 
on an inclined Fabry-Perot etalon on which the laser 
source is incident, and two photodetectors to detect, 
respectively, the transmitted and reflected signals. 
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By sxibtracting outputs of the two detectors, a signal 
is provided for controlling the oscillation frequency. 
Resonator length is altered by changing the 
inclination of the etalon to allow for tunability. 
The implementation of this system for minimum space 
requires using the F-P (i.e., the Fabry-Perot etalon) 
at a relatively large angle, with decreased stability 
in terms of center wavelength arid bandwidth. On the 
other hand, a small F-P angle requires added 
components and space, as shown in Fig. IB of the 
aforementioned Japanese patent application. Also, 
independent detectors are used, with potentially 
different response and aging characteristics. 

The system described in U.S. Patent No. 5,825,792 
to Villeneuve et al. uses a differential technique 
along with a Fabry-Perot etalon to stabilize a laser. 
The system of U.S. Patent No. 5,825,792 has some 
similarities to the present invention; however, the 
system of U.S. Patent No. 5,825,792 does not provide 
an independent absolute wavelength, determination 
capability and could be difficult to implement in WIM 
systems with a very large number of channels, such as 
40 or 80 channels. 

Consequently, various existing systems for 
wavelength stabilization are known using a crystal 
grating, fiber grating or etalon based arrangement. 
The grating based systems lack wavelength tunability, 
and many systems are based on relatively large control 
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units external to a packaged laser source with 
concurrent coupling, space and power dissipation 
problems. While etalon based systems provide 
tunability, none of the known configurations are 
sufficiently compact to incorporate in known standard 
packages without disruption. 

Objects Of The Invention 

The primary object of this invention is to 
provide a temperature stable wavelength reference 
device in a low cost compact device. Multiple 
wavelength (or, alternatively, frequency) references, 
located at previously defined absolute locations, are 
generated. Two signals generated simultaneously by 
passing collimated light through a single etalon at 
two properly chosen, distinct angles provides the 
information needed for absolute frequency 
determination at any one of a large number of 
frequencies spaced on an evenly spaced frequency 
(i.e., ITU) grid. 

Summary Of The Invention 

The present invention provides a compact 
wavelength monitoring and control assembly, preferably 
for integration within a small semiconductor laser 
package and for application in WDM optical 
transmission systems. 
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Thus, according to one aspect of the present 
invention, there is provided a wavelength monitoring 
and control assembly for an optical system comprising 
a divergent laser emission source, the assembly 
comprising; 

first and second photodetectors spaced apart by a 
specific separation, and located at a specific 
distance from the emission source; 

a narrow bandpass wavelength selective 
transmission filter element,' of Fabry-Perot structure, 
located between the source and the detectors; 

a phase grating plate, to split an incident 
collimated optical beam into two or more beams with a 
predetermined angular relationship, located between 
the filter element and the source; 

a col lima ting lens located between the phase 
grating and the source; and 

a control loop for feedback of a control signal, 
which is generated as a function of the difference and 
ratio of the signals generated by the first and second 
photodetectors in response to a change in wavelength 
of the emission source, to a control means of the 
emission source; a table stored in the controller 
contains the information required to select the 
required ratio after the target wavelength is known. . 

Optionally, an external computer system (e.g. a 
personal computer or systems control device) may be 
used to select or change the desired wavelength. 
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Thus, a simple and compact wavelength monitoring 
and control assembly with an internal absolute 
wavelength reference for a laser emission source is 
provided. Because the transmission of a Fabry-Perot 
filter is characterized by a series of transmissive 
peaks at regular frequency intervals, for example, at 
100 GHz spacing, simultaneous stabilization points are 
attainable for a plurality of predetermined 
wavelengths which are determined by the wavelength 
spacings on the multiple transmissive peaks of the 
Fabry-Perot filter. The photodetectors are 
illuminated by beams passing through a narrow bandpass 
filter at different angles of optical incidence. 
Thus, wavelength variation of the laser emission 
source is converted into different photocurrent 
changes in the two photodetectors. The wavelength 
variation of the ratio of the two photocurrents is 
used to identify the particular transmissive peak, and 
thus the approximate absolute frequency, of the 
Fabry- Perot filter. The wavelength variation of the 
difference of the two photocurrents is used 
simultaneously in a feedback loop to stabilize the 
wavelength of the source to a desired target 
wavelength, i.e. through a signal sent back to the 
laser (transmitter), e.g. via a wavelength tuning 
voltage, or active area temperature, or current 
changes, to correct for wavelength drift. 
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This assembly allows for precise optical 
monitoring of the wavelength to provide a control 
signal for wavelength stabilization, to maintain the 
laser wavelength within the limits required to reduce 
cross-talk for use in, for example, a WDM optical 
transmission system. A difference signal is 
advantageous also to provide immunity to fluctuations 
in source output power . 

The narrow bandpass wavelength selective 
transmission filter element is a Fabry-Perot 
structure. The photodetectors are preferably a 
matched pair of photodiodes. Through the angular 
dependence of the wavelength transmission of the 
Fabry-Perot etalon, a wavelength variation from the 
source is converted to a transmission loss, and the 
wavelength change is detected as a power change. 
Thus, the device functions as an optical wavelength 
discriminator in which the detector converts optical 
energy to current for a feedback loop for controlling 
the light source. For determination of the 
approximate absolute wavelength, the ratio of the two 
photocurrents is used to identify the Fabry-Perot 
order. For wavelength stabilization, the differential 
output of the two photodetectors is used in a feedback 
loop to stabilize the wavelength of the laser source 
to a desired target wavelength. 

Beneficially, the angle of inclination of the 
filter is adjustable to provide tunability of the 
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predetermined wavelengths. Since the wavelength 
selective element is a Fabry-Perot etalon, whose 
transmission characteristics aris. dependant on the 
angle of the etalon relative to the beam, the assembly 
provides for the tunability needed to remove the 
effects of fabrication and assembly tolerances by 
adjusting the angle of the etalon. 

The assembly is simple to manufacture relative to 
fabrication of fiber grating systems for wavelength 
stabilization. This approach provides a dither free 
discrimination scheme, which avoids frequency 
modulation and demodulation steps. 

Advantageously, the photpdetectors are a matched 
pair of photodiodes. When the gain of each of the two 
photodetectors is independently adjustable, the 
predetermined wavelengths may b,e selected by setting 
the unequal gain for the two photodetectors. 

Optionally, a lens is disposed between the 
transmissive filter element and the photodetectors to 
maximize the power falling on the two detectors and to 
optimize the separation of the two optical beams. A 
larger beam diameter passing through the transmissive 
filter element is preferable to provide a more nearly 
ideal filter shape to obtain more optimum wavelength 
selective performance. 

The laser emissive source may be an output from a 
VCSEL, an output facet f rpm a semiconductor laser, or 
alternatively a cleaved or tapered. single mode fiber. 
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Advantageously/ when the laser emission source 
comprises a laser (semiconductor or VCSEL) provided 
within a package, the wavelength monitoring assembly 
is provided within the same package to provide an 
integral unit. While use of the assembly. as an 
external reference unit is feasible, polarization 
maintaining fibers and couplers are ideally required 
to avoid polarization dependence. 

Because the monitoring assembly is simple and 
compact, an important advantage is that the assembly 
may be co-packaged with the laser source in a 
transmitter module. Additionally, a single such 
module may be used as a source at piny one of a large 
number of predetermined wavelengths. This is 
particularly useful in adapting existing transmitter 
modules, as used for multi-wavelength transmission 
systems, for use with additional components for WDM 
without taking up additional space and with minimum 
disruption of existing systems. 

Brief Description Of The Drawings 

These and other objects and features of the 
present invention will be more fully disclosed or 
rendered obvious by the following detailed description 
of the preferred embodiments of the invention, which 
is to be considered together with the accompanying 
drawings wherein like numbers refer to like parts and 
further wherein: 
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Fig. 1. shows an optical layout; light is input 
to the device via an optical fiber and collimatioa 
device/ or it may be extracted directly from a laser; 
the light then passes through a beam 
splitter/deviation device (for example, this device 
may be an optical phase plate or an optical wedge 
prism); the two collimated beams then pass through the 
etalon at slightly different angles of incidence - the 
different angles of incidence lead to different free 
spectral range values for the two beams as they pass 
through the same etalon; finally^ the two beams are 
directed onto two separate detectors - the electrical 
signals produced by the detectors are then used by the 
controlling electronic circuit to locate and lock to 
known frequencies; 

Fig. 2 shows the transmission curves of the 
etalon for the signals as the wavelength is varied in 
the vicinity of one locking point where the two 
transmission curves cross; 

Fig. 3 shows the difference signal generated by 
the difference of the two detector signals as the 
wavelength is varied in the vicinity of one 
Fabry-Perot order; 

Fig. 4 shows the ratio signal generated by the 
ratio of the two detector signals as the wavelength is 
varied in the vicinity of one Fabry-Perot order; the 
ratio of the peak transmission of detector 1 to the 
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signal detected at the same wavelength in detector 2 
identifies the absolute wavelength; and 

Fig. 5 shows a schematic of part of the assembly 
similar to that shown in Fig. 1, which defines 
coordinates and parameters for design of the assembly* 

Detailed Description Of The Preferred Embodiments 
Looking first at Fig. 1, there is shown a wavelength 
monitoring assembly 10 which comprises one embodiment 
of the present invention. The assembly comprises a 
divergent source 12 of laser emission, e.g., the 
output of a VCSEL 14 or, alternatively/ an output 
facet of a semiconductor laser source or an output 
facet of a single mode fiber rSMW) . A lens 16 
provides for collimation of the output beam of the 
laser source, which is directed to phase grating 26. 
The phase grating 26 is preferably a plate having a 
thickness or refractive index variation which varies 
across, or within, the plate so as to impose a 
periodic optical phase retardation transverse to the 
optical beam. Such a phase plate will produce 
secondary optical beams at angles which are positive 
and negative multiples of 0j:(,,aVi= Xja«c^i/Xc,rdtir.g. The 
relative magnitude of the diffracted beams is 
controlled by the magnitude of the maximum phase 
retardation. The multiple output beams are directed 
to a narrow-bandpass / wavelength selective 
transmission filter element 18. Filter element 18 is 
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preferably a Fabry-Perot (''F-P"0 resonator, which is a 
structure comprising a spacer layer sandwiched between 
two highly reflecting layers. It is constructed, for 
example, as a multilayer single cavity filter type, 
where an all-dielectric mirror/spacer/mirror structure 
is deposited on a glass substrate. Alternatively, a 
solid etalon type may be used, in which mirrors are 
deposited on both sides of a glass spacer plate. 

The transmitted beams are directed onto first and 
second similar coplanar photodetectors (Pi) 22 and (P2) 
20 having a specific diameter and separation on a 
common support 24 at a specific distance from the F-P 
etalon 18, as shown schematically in Fig. 1. A 
controller 30 processes the two. detector signals Pi and 
P2 and controls and stabilizes the laser wavelength via 
a feedback loop 28. 

Since the wavelength of the light source 
deteriaines how much of the beam is transmitted by the 
F-P filter 18, the signal received at each detector 22 
and 20 is dependent on the wavelength emitted from the 
light source. Thus, through the angular dependence of 
the wavelength transmission of the Fabry-Perot etalon 
18, a wavelength variation from the source is 
converted to a transmission change, and the wavelength 
change is detected as a power change by the two 
photodetectors. 

The output signals from the two, photodetectors are 
used to generate both a difference signal and a ratio 
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signal. The difference and ratio signals may be 
generated by either analog circuits (e.g., a 
difference amplifier or analog ratio circuit) or by a 
digital signal processor {^'DSP") which may calculate 
the difference and ratio values, of the signals output 
from Pi and P- after being converted to a digital data 
stream by a suitable analog to digital (*'AD") circuit. 
The maximum of the ratio of the output signals output 
from Pi and P^^ measured as the wavelength of the laser 
source is varied, will determine the order of the 
Fabry-Perot etalon and thus the wavelength to within 
one free spectral range which is the frequency 
difference between adjacent transmissive peaks of the 
Fabry- Perot etalon. A table of such values of the 
ratio of the signals output from P\ and P; for each 
desired target wavelength is stored within the DSP 
controller. When the controller detects that the 
ratio of signals output from Pi, and Pi* corresponds to 
the target wavelength, then the difference in signals 
output from Pi and Pr is used to generate a difference 
signal. Such difference signal may be generated by a 
difference amplifier or within the DSP. The 
difference signal is fed to a feedback loop for 
controlling the output wavelength of the laser source. 
The transmission detected by both detectors will be 
arranged to be equal at any of the multiple target 
wavelengths, the difference signal will thus be set to 
zero at the multiple target (i.e., locked) 
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wavelengths. The locked wavelengths can be set to 
different values in the vicinity of the equal 
transmissive wavelength by using unequal gains for 
photodetectors Pi and P^.. If the source wavelength 
changes/ the differential signal generated by the two 
detectors, i.e. the error signal, is wavelength 
dependent and can be used to monitor the wavelength of 
the light source. The device functions therefore as 
an optical wavelength discriminator in which the 
photodetectors convert optical energy to a current for 
a feedback loop for controlling the source. 

Schematic representations of the transmissive 
curves, ratio signal generated by the two detectors 
and the difference signal generated by the two 
detectors are shown respectively in Figs. 2, 3, and 4. 

Fig. 2 shows the transmission curves of the two 
detectors, where T is the transmission from source to 
detectors, where Ti and T represent the transmission 
curves for the individual detectors Pi and ?2, with 
maximum transmission at Tui and Trn at \i and X-. 

The difference in signals Ti-f^ is shown in Fig. 3 
where the locking wavelength is, denoted by Xr. 

The ratio of the signals from the two detectors 
is shown in Fig. 4 where K:a is the maximum value of the 
signal ratio. For particular choices of parameters, 
the value attained by the ratio may be used to denote 
the approximate frequency. The maximum ratio value is 
obtained at a wavelength offset from the target. 
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locking wavelength where the ratio is unity for all of 
the multiple possible target wavelengths. 

Fig. 5 defines coordinates and a number of 
relevant configuration parameters for an assembly 
including a divergent emission source (e.g., a single 
mode fiber) lens, phase grating, filter and pair of 
photodetectors • 

As shown in Fig. 5, the {divergent source 13 has a 
generally Gaussian pattern^ which may be elliptical 
(laser) or circular (single mode fiber) . 

The grating phase plate has parameters of 
thiclcness tg , refractive index n.^,' phase modulation 
period Xg, phase modulation depth AO, and x^axis tilt 
angle 0xq. The y-axis tilt angle 0y^ may be 
arbitrarily chosen to be zero. The angle between the 
first diffracted beams 0t.c.,ii> is given by X^ource/^/ thus 
selection of the phase modulation period allows 
selection of the angular relationship between the 
beams which are directed to the Fabry-Perot narrow 
band filter 18. 

The Fabry-Perot etalon has parameters of 
thickness trp/ refractive index rio, reflectivity R, 
internal transmission A, and x-axis tilt angle ©xfp 
(which is nominally zero but which may be made 
non-zero to correct for fabrication of assembly 
tolerances) . The y-axis tilt angle Oyrp may be 
arbitrarily chosen to be zero. The two detectors have 
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nominal y-axis positions yi-i and which are 
arbitrarily set equal to zero.. 

Other configuration parameters are chosen in 
accordance with these parameters and the desired 
specifications, i.e., the combination of the desired 
transmission curves and the desired change in 
transmission curves for the different orders of the 
Fabry-Perot etalon. These other configuration 
parameters include: the focal length of the lens f, z 
axis position Si, x-axis tilt angle ©^fP and ©x, of the 
Fabry-Perot etalon and phase griiting, respectively, 
the z-axis position of the etalon Z,^ and, assuming 
that the detectors are circular, the diameters 2r of 
the photodetectors, their 2 axis position z© and x axis 
positions xoi and.xo?. 

The pair of detectors are coplanar, and separated 
center to center by a distance x.>! + Xo:-, and located a 
distance Z(, from the light source. The FP filter is 
tilted at an angle ©n , and the phase grating is tilted 
at an angle 0q from the normal to the plane of the two 
detectors . 

Factors influencing the performance of the 
assembly include the FP tilt angle in the x and y 
axis, the FP index change with temperature, refractive 
index dispersion in the FP, the detector x and y axis 
offset, lens position and tilt, and the detector 2 
axis position. T is the transmission from the source 
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to a detector and includes the coupling loss due to 
limited detector size. 

The range and spacing of. the desired locked 
wavelengths have specific values, e.g. 1560.20 rnn to 
1528.38 nm with a channel spacing of 50 GHz 
(approximately 0.4 nm, requiring 80 separate 
channels) . The two F-P transmission curves shown in 
Fig. 2 correspond to the situation at the longest 
wavelength (e.g., 1560.20 nm) of the desired 
wavelength range and are symmetrically displaced by Af 
(in frequency units) from the first desired locJcing 
point which is defined by the intersection of the two 
F-P transmission curves . An integer order number is 
selected such that the F-P free spectral range (FSR) 
of the transmission curve, which is centered at a 
frequency higher than the intersection point, 
corresponds to a FSR value which is less than the 
channel spacing (e.g., 50 GHz). A second integer 
order number is selected such that the F-P FSR of the 
transmission curve, which is centered at a frequency 
below the intersection point, is greater than the 
channel spacing. The combination of Af and order 
numbers must be chosen such that the two distinct FSR 
values are symmetrically displaced about the channel 
spacing (e.g., 50 GHz). The number of orders required 
for the two transmission curves to interchange their 
locations with respect to the intersection point may 
be calculated from Af and the initial offset value to 
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confirm that sufficient distinct channels are 
available. The angle required between the two beams 
illuminating the F-P etalon is found from the ratio of 
the two FSR values and the well-known characteristics 
of F-P etalons. The required finesse (and thus the 
etalon mirror reflectivity) is found by selecting 
practical limits on the F-P transmission in the 
vicinity of the maximum detector signal ratio (for 
example, 0.76 and 0.24) • As the source wavelength is 
tuned to shorter wavelengths (e.g., to higher 
frequency) , the two F-P transmission curves will move 
towards each and eventually interchange places from 
order to order. The crossing point will remain 
centered on the average FSR (i.e., 50 Ghz) in order to 
maintain proper channel location with respect to WDM 
requirements. The maximum ratio of detector signals 
in the vicinity of each order will change in a 
monotbnic manner. Thus finding the maximum detector 
signal ratio in the vicinity of a F-P order will 
uniquely identify that order and thus the absolute 
frequency of the loclced wavelength defined by the 
crossing point of the two transmissive curves. 

The assembly may be fine tuned in wavelength by 
changing the angle of inclination pf the filter Or? 
and/or the phase grating 0., by mounting on an 
adjustable support with four degrees of freedom, 
including angular adjustment. Once the assembly is 
aligned to the proper wavelength and FSR values, the 
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components (including the lens, phase grating and the 
filter) are fixed in place using thin layers of 
adhesive or laser welding techniques. 

Thus, the minimum required' components for the 
wavelength discrimination scheme are a lens, a phase 
grating, a narrow band transmission filter (etalon), 
two closely spaced detectors (preferably a matched 
pair of photodiodes) and a control loop which responds 
to both the ratio and the difference of the signals 
from the two photodetectors . A Fabry-Perot etalon is 
required to provide the required characteristics of 
the wavelength selective filter element. 

The light source may, for example, be a VCSEL or 
the front facet of a semiconductor laser, or the 
cleaved or tapered end of a single mode fiber. The 
divergence of the emission source is controlled by a 
lens as shown in Fig. 1, which may be any suitable 
aspherical lens, a cylindrical lens, a spherical lens, 
and a graded index lens of glass or plastic. A larger 
spot size permits achievement of more ideal F-P filter 
shape, a higher F-P finesse value if needed (e.g., for 
a large niomber of channels) and optimizes power 
transfer to the detectors. 

In the assembly described above, the compactness 
and simplicity of the configuration allows for 
co-packaging with a laser source in a laser 
transmitter pacJcage. This is a particular advantage 
for integration with existing systems. 
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Thus a simple and compact wavelength monitoring 
and control assembly for a laser source is provided 
comprising a phase grating, wavelength selective 
transmission filter element (for example, a 
Fabry-Perot etalon) , through which near-collimated 
beams from the laser source are directed onto two 
closely spaced photodetectors. For wavelength 
determination the ratio of the outputs from the 
photodetectors is used in combination with a stored 
table of absolute wavelength as a function of maximum 
photodetector signal ratio. For wavelength 
stabilization, the differential output of the two 
photodetectors generated by the change in transmission 
of the filter element with a change in wavelength is 
used in a feedback loop to stabilize the wavelength of 
the laser source to any one of a predetermined array 
of wavelengths on a uniformly spaced grid. 

Advantages Of The Invention 

Numerous advantages are achieved through the use 
of the present invention. 

For one thing, the present invention provides a 
compact device to generate both a comb of reference 
frequencies and to provide an absolute frequency 
reference. 

And the present invention comprises a single 
etalon, lower cost device. 
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Furthemore, the present invention provides a 
thermally stable wavelength reference, since compact 
size permits packaging within a thermally controlled 
laser package. 

Modifications 

Various modifications may be made to the 
perf erred embodiment described above without departing 
from the present invention. 

For example, splitting and deviation may be 
performed using optical wedges or mirros. 

And/or splitting and deviation may be performed 
using folded optical paths rather than in the manner 
shown in Fig. 1. 

Furthermore, the phase grating plate may have a 
phase delay function which is sinusoidal in the 
transfer coordinate, or of a periodic functional form 
optimized to diffract light into particular grating 
orders (blazed) . 

While specific embodiments have been described in 
detail, it will be understood that variations and 
modifications of the embodiments may be made within 
the scope of the following claims. 
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What Is Claimed Is : 

1. A wavelength monitoring and control assembly 
for an optical system comprising a laser emission 
. source for generating a divergent beam, the assembly 
comprising: 

first and second photodetectors spaced apart by a 
specific distance from the emission source; 

a lens to collimate the emission from the 
emission source located between the source and 
photodetectors; 

a phase grating located between the lens and the 
photodetectors, the phase grating being constructed so 
as to produce two or more diffracted beams with a 
specific angular relationship; 

a narrow bandpass wavelength selective 
transmission filter element of Fabry-Perot structure 
located between the phase grating and the 
photodetectors/ the filter element being tilted at an 
angle © relative to the optical axis of the emission 
source to provide an angular dependence of the 
wavelength transmission of the filter, for 
illuminating the photodetectors with different beams 
diffracted by the phase grating, incident at the 
filter at different angles, and transmitted by the 
filter, whereby a change in wavelength from the source 
is converted to a difference in transmission detected 
by the photodetectors, the design parameters of the 
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transmission filter being chosen in combination with 
the design parameters of the phase grating so as to 
produce transmission orders which lie in. a specific 
relationship to the desired locking wavelength, 
wherein the relationship of the transmission orders 
with respect to the locking wavelength is designed to 
be unique for different wavelengths in the wavelength 
range of use; 

a first control loop for evaluation of the ratio 
of the signals generated by the first and second 
photodetectors in response to a change in wavelength 
of the emission source, wherein the first control loop 
is adapted to control means of the emission source to 
provide wavelength selection of the source; and 

a second control loop for feedback of a 
difference signal generated by the first and second 
photodetectors in response to a change in wavelength 
of the emission source to control means of the 
emission source to provide wavelength stabilization of 
the source at a wavelength selected by the first 
control loop. 

2. An assembly according to claim 1 comprising 
a phase grating of binary phase retardation profile, 

3, An assembly according to claim 1 comprising 
a phase grating of sinusoidal phase retardation 
profile. 
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4. An assembly according to claim 1 comprising 
a phase grating of blazed periodic retardation 
profile. 

5. A system comprising: 
a laser emission source; and 

a wavelength monitoring and control assembly for 
an optical system comprising a laser emission source 
for generating a divergent beam,/ the assembly 
comprising: 

first and second photodetectors spaced apart by a 
specific distance from the emission source; 

a lens to collimate the emission from the 
emission source located between the source and 
photodetectors; 

a phase grating located between the lens and the 
photodetectors, the phase grating being constructed so 
as to produce two or more diffracted beams with a 
specific angular relationship; 

a narrow bandpass wavelength selective 
transmission filter element of Fabry-Perot structure 
located between the phase grating and the 
photodetectors, the filter element being tilted at an 
angle 0 relative to the optical axis of the emission 
source to provide an angular dependence of the 
wavelength transmission of the filter, for 
illuminating the photodetectors with different beams 
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diffracted by the phase grating, incident at the 
filter at different angles, and transmitted by the 
filter, whereby a change in wavelength from the source 
is converted to a difference in transmission detected 
by the photodetectors, the design parameters of the 
transmission filter being chosen in combination with 
the design parameters of. the phase grating so as to 
produce transmission orders which lie in a specific 
relationship to the desired locking wavelength, 
wherein the relationship of the transmission orders 
with respect to the locking wavelength is designed to 
be unique for different wavelengths in the wavelength 
range of use; 

a first control loop for evaluation of the ratio 
of the signals generated by the first and second 
photodetectors in response to a change in wavelength 
of the emission source, wherein the: first control loop 
is adapted to control means of the emission source to 
provide wavelength selection of the source; and 

a second control loop for feedback of a 
difference signal generated by the first and second 
photodetectors in response to a change in wavelength 
of the emission source to control means of the 
emission source to provide wavelength stabilization of 
the source at a wavelength selected by the first 
control loop. 
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6. A system according to. claim 5 wherein said 
source is a VCSEL. 

7. A system according to claim 5 wherein said 
source is an output facet of a semiconductor laser 

A system according to claim 5 wherein said 
a cleaved single mode fiber. 

A system according to claim 5 wherein said 
source is a tapered single mode fiber. 

10. A system according to claim 5 further 
comprising means to adjust the angle of said narrow 
bandpass wavelength selective transmission filter 
element so as to provide wavelength tunability. 

11. A system according to claim 1 whereien said 
photodetectors are matched. 

12. A system according to claim 1 wherein said 
photodetectors have independently adjustable gain, and 
further wherein said preselected wavelength is 
selectable by setting unequal gains. 

13. A system according to claim 1 wherein 
simultaneous stabilizatioh points are attainable by 
multiple transmissive peaks characteristic of the 



8. 

source is 
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Fabry-Perot filter, and further wherein the multiple 
peaks are uniquely identified by characteristics of 
the variation in photodetector signals in the vicinity 
of the peaks. 
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